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[57] ABSTRACT 
A thermal noise thermometer operating on the principle 
that the temperature of a resistor is related to the magni 
tude of the thermal noise signal produced in the resistor. 
The thermoseter comprises a temperature-sensing resis 
tor, a shot noise source, means for selectively applying 
shot noise signals from the shot noise source to the 
resistor, a DC ampli?er for amplifying the DC signal 
produced in the resistor, an AC ampli?er for amplifying 
the AC signal produced in the resistor, and means for 
calculating the temperature to be measured from the 
output signal of the AC ampli?er produced when the 
shot noise signal is applied to the resistor, the output 
signal of the AC ampli?er produced when no shot noise 
signal is applied to the resistor, and the output signal of 
the DC ampli?er. 

10 Claims, 9 Drawing Figures 
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THERMAL NOISE TI-IERMOMETER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
This invention relates to a thermal noise thermometer 

} operating on the principle that the temperature of a 
resistor is related to the magnitude of the thermal noise 
signal (voltage, current, or power) produced in the 
resistor. 

It is known in the art that a resistor at a temperature 
Tx produces a thermal noise signal caused by electron 
thermal motion. The e?'ective value of this noise signal 
is expressed by the equation: l5 

(1) 

where K is Boltzmann’s constant, Rx is the resistance of 
the resistor, and B is the frequency bandwidth of the 20 
thermal noise signal. 
The present invention makes use of the relationship 

expressed by equation 1. 
2. Description of the Prior Art 
FIG. 1 is a block diagram of a conventional thermal 25 

noise thermometer in which the reference character Rx 
identi?es a temperature detecting resistor placed at a 
temperature Tx to be measured, the reference character 
Rs identi?es a standard resistor placed at a standard 
temperature Ts, the reference character A identi?es an 
AC ampli?er for amplifying thermal noise signals ap 
plied thereto through a switch S1, the reference charac 
ter D identi?es a recti?er for rectifying the output of the 
AC ampli?er A, the reference characters H1 and H2 
identify ?rst and second hold circuits for holding signals 
fed thereto from the recti?er D through a switch S2 
associated with the switch S1, and the reference legend 
COMP identi?es a comparator for comparing the out 
puts of the ?rst and second hold circuits H1 and H2. 
The operation of the switches S1 and S2 in synchro 

nism causes the comparator COMP to compare the 
magnitudes of the thermal noise signal V produced in 
the resistor R and the thermal noise signal Vs produced 
in the standard resistor Rs. Thus, while the switches S1 
and S2 are operating, the operator can adjust the resis 
tance of the resistor Rs such to equate the magnitudes of 
the thermal noise signals V and Vs. When the thermal 
noise signals V and Vs are equal in magnitude: 
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(2) 

The equation for the temperature Tx then can be writ 
ten as: 

(3) 

Thus, the temperature T can be calculated from the 
value of the resistance of the standard resistor Rs, the 
value of the resistance of the resistor Rx, and the value 
of the standard temperature Ts. 
However, measurement of temperature by use of the 

above-described conventional method requires mainte 
nance of the standard resistor at a standard temperature, 
for example, by placing the standard resistor in a ther 
mostatically-controlled enclosure. This method also 
requires measurement of the value of the resistance of 
the resistor Rx. 

65 

2 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved thermal noise thermometer which will be free 
from the disadvantages associated with the conven 
tional thermal noise thermometers. In accordance with 
a principal aspect of the present invention, it is possible 
to eliminate the need for thermostat control and mea 
surement of the resistor resistance, thus, providing a 
simple structure for easily measuring temperature. 
Another object of the present invention is to provide 

an improved thermal noise thermometer which is inde 
pendent of noises produced in the thermometer compo 
nents to provide an accurate temperature measurement. 
Other objects and advantages of the present invention 

will become apparent upon reading the following de 
tailed description with reference to the following draw 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a conventional 
thermal noise thermometer; 
FIG. 2 is a block diagram showing one embodiment 

of a thermal noise thermometer according to the present 
invention; 
FIG. 3 shows a circuit of the shot noise source in 

cluded in the thermal noise thermometer of the present 
invention; 
FIGS. 4 through 7 are block diagrams showing other 

embodiments of the thermal noise thermometer accord 
ing to the present invention; and 
FIGS. 8 and 9 are block diagrams showing shot noise 

sources used in the thermal noise thermometer accord 
ing to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 illustrates one embodiment of a thermal noise 
thermometer according to the present invention, in 
which the reference character R identi?es a tempera 
ture detecting resistor placed at a temperature T to be 
measured and the reference character SN identi?es a 
shot noise source comprised of a devicehaving a satu 
rated diode characteristic. (The shot noise source SN 
can be replaced by an equivalent circuit as shown in 
FIG. 3 in which a DC current source I0 is connected in 
parallel with a noise current source Inc.) The effective 
value In(rms) of the noise output current In is: 

In(rms) = V Zq-Io-B (4) 

where q represents the charge of an electron. 
The reference character S1 identi?es a switch having 

contacts a and b for selectively coupling the noise out 
put current In to the resistor R, the reference character 
A1 identi?es a DC ampli?er for amplifying the DC 
signals produced in the resistor R, the reference charac 
ter A2 identi?es an AC ampli?er for amplifying the AC 
signals produced in the resistor R, the reference charac 
ter F identi?es a band-pass ?lter connected to the out 
put of the AC ampli?er A2, the reference character D 
identi?es a recti?er comprised of a square-law detector 
or a linear detector for rectifying the output signals of 
the band-pass ?lter F, the reference character S2 identi 
?es a switch having contacts a and b and drivingly 
connected to the switch S1 for synchronous operation, , 
the reference characters H1 and H2 identi?es ?rst and 
second hold circuits for holding the signals applied 
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thereto from the recti?er D through the switch S2, and 
the reference character CAL identi?es a calculator 
circuit connected to the output of the DC ampli?er A1. 
The operation of the thermal noise thermometer of 

the present invention is as follows: When the drivingly 
connected switches S1 and S2 are placed in the position 
a to disconnect the shot noise source SN from the tem 
perature detecting resistor R and also to connect the 
output of the recti?er D to the ?rst hold circuit H1, the 
thermal noise signal produced in the resistor R is fed 
through the AC ampli?er A2 to the band-pass ?lter F 
and hence is fed through the recti?er D to the ?rst hold 
circuit H1 where the signal is stored. Assuming that the 

- recti?er D comprises a linear detector, the output volt 
age Vnl of the ?rst hold circuit H1 is expressed by the 
equation: 

Vnl = V4K~T-R'B~G (5) 

where G is the gain of the AC ampli?er A2. 
The output voltage of the DC ampli?er A1 is zero 

since the thermal noise signal includes no direct current 
component. 
When the switches S1 and S2 are placed in the posi 

tion b to connect the shot noise source SN to the resistor 
R and also to connect the output of the recti?er D to the 
second hold circuit H2, the thermal noise signal pro 
duced in the resistor R and the shot noise signal are fed 
through the AC ampli?er A2 to the band-pass ?lter F 
and hence through the recti?er D to the second hold 
circuit H2 where the signals are stored. The output 
voltage Vn2 of the second hold circuit H2 is expressed 
by the equation: 

The DC ampli?er A1 serves to amplify the DC volt 
ages appearing across the resistor R. Assuming that the 
gain of the DC ampli?er A1 is unity, the output voltage 
of the DC ampli?er A1 can be expressed by the equa 
tion: 

Ex = wk (7) 

From equations 5 and 6, the ratio m (= Vn2/V n1) of 
the output voltage Vn2 of the second hold circuit H2 
and the output voltage Vnl of the ?rst hold circuit H1 
can be expressed by the equation: . 

(8) 
: Vn2 : ‘l4K-T-R~B+gg-Io-R2-B XG 

V’“ \l4K-T-R~B x G 

_ g-Ia-R 
— 1+ 2K-T 

Substituting equation 7 into equation 8, 

(9) 
_ 1% M- 1+ 2K- T 

Solving this equation 9 for the temperature T, we ob 
tain: 

T = q/2K-Ex/m2-1 (10) 

The output voltages Vnl and Vn2 of the ?rst'and 
second hold circuit H1 and H2 and the output voltage 
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4 
Ex of the DC ampli?er A1 are applied to the calculating 
circuit CAL in which, utilizing well known calculating 
techniques, the value of temperature T is calculated 
according to the relationship expressed by equation 10. 

If the recti?er D comprises a square-law detector 
circuit in this embodiment, the output voltages Vnl and 
Vn2 of the ?rst and second hold circuits H1 and H2 and 
the temperature T can be expressed by the equations: 

T = (q/2K)- (Ex/1n - 1) (13) 

The thermal noise thermometer of the present inven 
tion measures temperature based on the values of the 
thermal noise signal Vnl produced in the resistor R, the 
thermal noise signal Vn2 produced in the resistor R 
coupled to the shot noise, and the output voltage Ex of 
the DC ampli?er A1 when the shot noise is applied to 
the resistor R. Thus, such apparatus in accordance with 
the present invention eliminates the need for maintain 
ing the temperature of a standard resistor at standard 
temperature by placing the resistor in a thermostatical 
ly-controlled region and measuring the resistance of the 
resistor, as in the conventional thermal noise thermome 
ters. The thermal noise thermometer provided in accor 
dance with the present invention is simple in structure 
and easy to operate. 
FIG. 4 shows a block diagram of another embodi 

ment of the present invention. The main difference 
between this embodiment and the ?rst embodiment is 
that a resistive divider D is provided for dividing the 
output voltage Vn2of the second hold circuit H2 to 
Vn2/m. A differential ampli?er A3 also is provided 
having its inputs connected to the output voltage Vnlof 
the ?rst hold circuit H1 and connected to the divided 
output voltage Vn2/m of the second hold circuit H2 to 
control the magnitude of the output signal from the shot 
noise source SN is such a manner as to equalize the 
voltages Vnl and Vn2/m which are applied to the in 
puts of the differential ampli?er A3. Assuming that the 
recti?er D comprises a linear detector circuit, the fol 
lowing equation is obtained: 

(14) 
Vnl = 

This equation can be written as: 

(m2—1)-2K-T = q_-Io-R (l5) 

Solving equation 15 for the value of T: 

T = q/ZK . (Ex/m7'—-1) (16) 

where Ex = Io-R 1 

In equation 16, the dividing ratio m and the value 
2K/q (—- 172.5 uV/K) are constant and thus the output 
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voltage Ex of the AC ampli?er A1 corresponds to the 
temperature T to be measured. 
Where the recti?er D comprises a square-law detec 

' tor circuit in this embodiment, equations 14, 15 and 16 
can be respectively expressed by 

Vn1=4K-T-R-n-a=!:72- (l7) 
=%(4K-T-R-B-G+“40.31.34,; 

(m — l)-2K-'l‘ = q-Io'R (13) 

'r = q/ZK-Ex/m = 1 ‘(19) 

FIG. 5 illustrates a third embodiment of a thermal 
noise thermometer in accordance with the present in 
vention. In this embodiment, a resistive divider DIV 
and a switch S3 are interposed between the ampli?er 
A2 and the band-pass ?lter F. The divider DIV serves 
to divide the output voltage of the ampli?er A2 at a 
dividing ratio m, and the switch S3 is synchronized with 
the switches S1 and S2 for connecting the output of the 
ampli?er A2 directly to the band-pass ?lter F or for 
connecting the same through the divider DIV to the 
band-pass ?lter F. In this embodiment errors due to the 
non-linearity found in the band-pass ?lter F and the 
recti?er D can be offset by the function of the differen 
tial ampli?er A and any error is not re?ected in the 
output voltage Ex of the DC ampli?er A1. 
FIG. 6 shows in block diagram a fourth embodiment 

of a thermal noise thermometer in accordance with the 
present invention. This embodiment includes two iden 
tical circuits each comprising an ampli?er A21 or A22, 
a divider DIV 1 or DIV2, and a band-pass ?lter F1 or 
F2. The outputs of these circuits are coupled to a multi 
plier MC to eliminate noises produced in the ampli?ers 
A21 and A22, the switches S31 and S32, and the band 
pass ?lters F1 and F2. When the respective switches S1 
through S32 are placed in the position a, the output 
voltage Vnl of the ?rst hold circuit H1 is expressed as: 

(20) 

where the Vth is the thermal noise signal magnitude 
produced in the resistor R, lnAl is the total noise pro 
duced in the ampli?er A21, the switch S31, and the 
band-pass ?lter F1, lnA2 is the total noise produced in 
the ampli?er A22, the switch S32, and the band-pass 
?lter F2, G1 is the gain of the ampli?er A21, and G2 is 
the gain of the ampli?er A22. There is no inter-relation 
between the values Vth and (lnAl + lnA2) and be 
tween E values lnAl and lnA2 and thus, the average 
value Vnl of the output voltage Vnl of the hold circuit 
H1 is expressed as: 

This relationship is also true in the case where the 
switches S1 through S32 are placed in the position b. 
Thus, this embodiment maintains the thermal noise 
thermometer free from noises produced in the ampli? 
ers, the switches, and the band-pass ?lters. This method 
can also be used in conjunction with the thermal noise 
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6 
thermometer in accordance with the ?rst embodiment 
shown in FIG. 2. 
FIG. 7 shows a block diagram of a ?fth embodiment 

of a thermal noise thermometer according to the present 
invention in which the reference character Co identi?es 
a capacitor, the reference character S1 identi?es a 
switch having contacts a and b for connecting one end 
of the resistor R and the shot noise source SN through 
the capacitor C0 (when placed in the position a) or 
shorting the resistor R through the capacitor C0 (when 
placed in the position b), the reference character A1 
identi?es a DC ampli?er for amplifying the DC signal 
appearing in the capacitor C0 (or the De voltage pro 
duced across the resistor R), the reference character A2 
identi?es an ampli?er having a feed-back resistor Rf for 
amplifying the AC signals produced in the resistor R 
and for maintaining the junction of the resistors R and 
Rf at zero potential, the reference character F identi?es 
a band-pass ?lter whose input is connected to the output 
of the ampli?er A2, the reference character D identi?es 
a recti?er for rectifying the output signal of the band 
pass ?lter F comprised of a square-law detector or a 
linear detector, the reference character S2 identi?es a 
switch having contacts a and b and drivingly connected 
with the switch S1, the reference characters H1 and H2 
identify ?rst and second hold circuits for holding the 
signals fed from the recti?er D through the switch S2 
each comprised of a capacitor, the reference character 
A3 identi?es a differential ampli?er the inputs of which 
are connected to the output voltage Vnl of the ?rst 
hold circuit H1 and to the output voltage Vn2 of the 
second hold circuit H2 for controlling the shot noise 
source SN in such a manner as to equalize the output 
voltages Vnl and Vn2 of the ?rst and second hold 
circuits H1 and H2. 
When the switches S1 and S2 are placed in the posi 

tion a, the noise output signal In from the shot noise 
source SN is connected through the capacitor C0 to the 
ground and the other end of the resistor R is connected 
through the capacitor C0 to the ground. The capacitor 
C0 is such that the value l/Co R is signi?cantly smaller 
than the lower limit frequency of the band-pass ?lter F. 
The effective value If of the noise current ?owing 
through the feed-back resistor Rf is equivalent to the 
value when the resistor R is shorted and thus, the effec 
tive value If is expressed by the equation: 

In the case where the recti?er D comprises a square 
law detector circuit, the output voltage Vnl of the ?rst 
hold circuit H1 is expressed by the equation: 

(23) 

where G is the total gain of the ?lter F, the recti?er D, 
and the ?rst hold circuit H1, and the value 4K-To-Rf-B 
is the thermal noise signal. 
When the switches S1 and S2 are placed in the posi 

tion b, the thermal noise signal produced in the resistor 
R is shorted through the capacitor C0, whereas the 
noise output current In from the shot noise source is 
connected through the resistor R to the input of the 
ampli?er A2. Thus, the output voltage Vn2 of the sec 
ond hold circuit H2 can be expressed by the equation: 

Vn2 = (iq-Io-RF + tx-ro-non-ol (24) 
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The DC ampli?er A1 functions to amplify the volt 
age across the capacitor Co. The capacitor has one end 7 
connected to the switchSl and held at zero potential 
regardless of what position-the switch S1 is placed in. 
Thus, assuming that the .gain of the ampli?er A1 is 
unity, the output voltage Ex of the ampli?er A1 can be 
expressed by the equation: 

Ex = 10-11 (25) 

The differential ampli?er A3 has its inputs connected 
to the output voltages Vnl and Vn2 of the ?rst and 
second hold circuits H1 and H2 which voltages can be 
respectively expressed by equations 23 and 24. The 
differential ampli?er A3 functions to control the magni 
tude of the shot noise current In in such a manner as to 
equalize the output voltages Vnl and Vn2 of the ?rst 
and second hold circuits H1 and H2. When the output 
voltages Vnl and Vn2 are equal: 

(26) ig-iRfJ, 4K~ Ta-R?B- G2 
= (2q-Iv-Rf+4K- To-Rj)B~G2 

This equation can be written as: 

4K.T/R = 2q-Io (27) 

Substituting equation 25 into equation 27, the equation 
for the temperature T is: " 

T = (q/ZK) - Ex (28) 

’ In equation 28, the value q/2K is constant and thus 
the temperature T to be measured corresponds to the‘ 
output voltage Ex of the Dc ampli?er. 
FIGS. 8 and 9 show examples of the shot noise 

sources applicable to the thermal noise thermometer 
according to the present invention. The shot noise 
source SN shown in FIG. 8 includes a diode tube DTU 
whose heater current is controlled by the output signal 
of the differential ampli?er and a switch 50 for alterna 
tively connecting one of the power terminals of the 
differentialampli?er A3 to voltages +Vs and -Vs. 
The switch 50 functions as the switch S1 used in the 
embodiments shown in FIGS. 2 through 6. 
The shot noise source shown in FIG. 9 includes a 

photo-transistor PTR, a lamp facing the photo-transis 
tor PTR in which the amount of light is controlled by 
the output signal of the differential ampli?er A3, and a 
lighttight box containing the photo-transistor PTR and 
the lamp. 

In addition, a photo-diode or a photoelectric tube 
may be used in the shot noise source, in which case, the 
magnitude of the output of the shot noise source is 
controlled by varying the amount of the light projected 
onto the device. Also, the reverse current of a diode 
may be utilized, in which case, the output of the shot 
noise source is controlled by varying the temperature of 
the diode. . , 

It is, therefore, apparent that there has been provided, 
in accordance with the present invention, an improved 
thermal noise thermometer for facilitating the accurate 
measurement of temperature without troublesome oper 
ations. While the present invention has been described 
in conjunction with specificlembodiments thereof, it is 
evident that many alternatives, modi?cations and varia 
tions will be apparent to those skilled in the art. Accord 
ingly, it is intended to embrace all alternatives, modi? 
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cations and variations that fall the spirit and 
broad scope of the appended claims. 
We claim: 
1. A thermal noise thermometer based on the princi- _ 

ple that the magnitude of thermal noise signal produced 
in the resistor is a function of the temperature of the 
resistor, comprising: 
means to develop a shot noise signal; ~ ' 

switch means to interruptedly apply said shot noise 
signal to said resistor; 

voltage-responsive means coupled to said resistor for 
producing output signals responsive to the voltage 
thereof in the different conditions of said switch 
means; and 

means coupled to the output of said voltage-respon- . 
sive means for producing a measurement signal 
representing the temperature of said resistor. 

2. A thermometer as claimed in claim 1, wherein said 
voltage-responsive means includes means to develop a 
DC output signal derived from the DC component of 
the shot noise signal applied to the resistor. 

3. ‘A thermometer as claimed in claim 2, wherein said 
voltage-responsive means includes: ' I - 

means to produce a ?rst-signal corresponding to the 
resistor thermal noise signal, a second signal corre 
sponding to the combination of the thermal noise 
signal and the shot noise signal applied to the resis 
tor; and 

means to cause said ?rst and second signals to bear ‘a. 
constant relationship, whereby said DC signal pro 
vides a measure of the temperature. 

4. A thermal noise thermometer as claimed in claim 1, 
including: . 4 

means for shorting the resistor; and 
means for controlling the shot noise signal source to 

provide that the shot noise signal is equal to the 
thermal noise current ?owing through the resistor 
when it is shorted, whereby the temperature of the 
resistor is indicated by the DC voltage produced in 
the resistor. 

5. A thermal noise thermometer as claimed in claim 1, 
wherein the effective value of the shot noise applied to 
the resistor is expressed by 

where q is the charge of an electron, I0 is the magnitude 
of the DC current, and B is the frequency bandwidth of 
the noise. 

6. A thermal noise thermometer as claimed in claim 1, 
including a ?rst circuit for amplifying the thermal noise 

I‘ signal produced in the resistor and a second circuit for 
amplifying the noise signal produced in said resistor 
when connected to the shot noise, and means for inter 
relating the output signals of said ?rst and second cir 
cuit. . 

7. A thermal noise thermometer as claimed in claim 1, 
wherein the shot noise source comprises a diode tube. 

8. A thermal noise thermometer as claimed in claim 1, 
wherein the shot noise source comprises a photoelectric 

I tube. 

9. A thermal noise thermometer as claimed in claim 1, 

sistor. 
10. A thermal noise thermometer as claimed in claim ’ 

1, wherein the reverse current of a diode is utilized as a 7 
shot noise source. \ 

t a a 'a: a: 


